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characteristics. The selected configuration 
is then down-loaded into communication 
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runtime. The communication modules 
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reconfigurable forward error correcting 
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decision feedback equalizer (DFE) with a 
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likelihood sequence estimator with an 
adjustable number of states; a frequency 
hopping coder with an adjustable number 
of hops or hop rate; and a direct-sequence 
(or direct sequence spread spectrum) codec 
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BNSDOCID: <WO 024334 1 A2J_> 



WO 02/43341 A2 



Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 024334 1A2J_> 



WO 02/43341 



PCT/USO 1/47698 



METHOD OF RECONFIGURATION OF RADIO PARAMETERS FOR POWER- 
AWARE AND ADAPTIVE COMMUNICATIONS 

This application claims the benefit of provisional 
application number 60/243,707, filed October 26, 2000 and 
claims priority thereunder. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to wireless communications 

generally, and more specifically to power management for 

radio transceivers that employ digital coding and signal 

« 

processing. m ♦ 

Description of the Related Art 

Digital radio transceivers employ a variety of digital 
coding and signal processing methods to achieve 
communication through noisy and error prone channels. For 
example, forward error correction (FEC) and interleaving 
are both commonly used to compensate for channel fading. 
Such methods are extremely useful, but they come at a cost: 
increased power usage. 

Consider an exemplary channel with no fading. In such 
a case, a simple radio configuration would suffice to 
achieve a bit error rate BER of 0.001% using binary phase 
shift keying at a transmit power of one 2 . 5 dBm over 100 
meters with five dBm noise figure, zero dB nominal antenna 
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gain, and five dBm link margin In contrast, in the 

presence of fast fading a transmission can experience and 
additional * 40 dB loss in signal to noise ratio which 
implies a necessary increase in transmitter power to 52.5 
dBm or 178 W. To reduce the required power, most systems 
employ forward error correction and interleaving to combat 
the- worst case fading scenario. However, such a point 
solution still results in unnecessary power consumption by 
the FEC codec and the interleaver in the case where the 
channel exhibits no fading. For the sake of illustration, 
assume that an FPGA implementation of a simple BPSK digital 
modem consumes 10mw; a similar FPGA digital modem with FEC 
and interleaving would typically dissipate ^ approximately 
one watt. Thus, if FEC and interleaving are used in all 
cases, 100 times more than necessary power would be 
consumed when the channel exhibits no fading. 

In some applications unnecessary power consumption 
can be tolerated. However, many communications applications 
rely upon limited power sources such as batteries. In such 
applications a more efficient power management system is 
greatly to be preferred. 

Current wireless systems already manage power to 
operate with high-energy efficiency and link performance by 
various means (e.g. power control) . However, they are only- 
point solutions and cannot adequately manage their power 
and performance for highly dynamic operation scenarios and 
environments. 
SUMMARY OF THE INVENTION 

In view of the above problems, the present invention 
provides an adaptive, reconf igurable radio architecture 
that allows software control of the radio signal processing 
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by reconfiguring digital signal processing modules, and 
optionally by also reconfiguring analog signal processing 
modules . 

The method of the, invention monitors a communication 
channel and estimates its. characteristics from time to 
time, thus providing a dynamic estimate of channel 
characteristics. Based on the channel characteristics, a 
control processor calculates a preferred configuration of 
digital (and optionally, analog) signal processing to best 
manage the available energy for the present channel 
characteristics. The selected configuration is then down- 
loaded into communication modules stored in extra memory 
during runtime. The communication modules preferably 
include a one or more of: a reconf igurable ^forward error 
correcting codec (with adjustable code lengths and a 
plurality of code choices) ; a reconf igurable interleaver 
with adjustable depth; a decision feedback equalizer (DFE) 
with a reconf igurable number of taps; maximum likelihood 
sequence estimator with an adjustable number of states; a 
frequency hopping coder with an adjustable number of hops 
or hop rate; and a direct -sequence (or direct sequence 
spread spectrum) codec with an adjustable number of chips 
per bit. Each module is preferably well characterized so 
that the amount of energy required per information bit 
transmitted and received is known. Each module is 

adequately parameterized such that different instances may 
be reconfigured dynamically, in response to commands from 
the control processor, on a field programmable gate array 
(FPGA) or other type of reconf igurable hardware to provide 
appropriate signal processing for the dynamic channel 
conditions as measured. 

An apparatus in accordance with the invention 
includes: a channel monitor which produces estimates of the 
communication channel's characteristics; a programmable 
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processor arranged to receive estimates from said channel 
monitor, and programmed to compute preferred signal 
processing configuration based upon said estimates; at 
least one reconf igurable digital signal processing module, 
arranged to receive commands from said programmable 
processor and to reconfigure in response to said commands; 
and a radio transceiver, with inputs from said 
reconf igurable signal processing module and outputs to said 
reconf igurable signal processor module, for sending and 
receiving radio signals. 

These and other features and advantages of the 
invention will be apparent to those skilled in the art from 
the following detailed description of preferred 
embodiments, taken together with the accompanying drawings, 
in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an reconf igurable radio 
apparatus in accordance with . the invention; and 

FIQ. 2 is a flow diagram of a method in accordance 
with the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Common acronyms are used extensively in the following 
description of the invention. For convenience, the 
following glossary is provided. 

Glossary of Acronyms 

SNR: signal-to-noise ratio 

SIR: signal-to-interference ratio 

SINR: signal-to-interf erence-and-noise ratio 
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MLSE : maximum likelihood sequence estimator 
DFE: decision feedback equalizer 
FH: frequency hopping 
FHSS: frequency-hop spread- spectrum 
5 DS : direct -sequence 

DSSS; direct-sequence spread spectrum 
SS: spread spectrum 

GMSK: Gaussian minimum shift keying 
CPM: continuous phase modulation 
10 QAM: quadrature amplitude modulation 

RSSI: received signal strength indicator 
BER: bit -error rate 
PER: packet-error rate 

IIP3: input third-order intercept point 
15 RAM: random access memory 

LNA: low noise amplifier 
PA: power amplifier 
NF: noise figure 

FPGA: field programmable gate array 
20 LMS: least mean square 

RLS: recursive least square 

TDMA: time division multiple access 

FDMA: frequency division multiple access 

CDMA: code division multiple access 
25 CIR: channel impulse response 

IS-95 : Interim- Standard 95, a code-division multiple 

j 
| 
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access standard, developed in the US . 

GSM : Global System for Mobile Communications, a TDMA 
system, developed in Europe. 

FIG. 1 shows an . apparatus in accordance with the 
invention. A radio transceiver module 20 is interfaced with 
a channel monitor 22 which provides estimates of channel 
conditions to control processor 24 via an interface 26. A 
plurality of reconfiguration modules are stored in external 
memory 28. The control processor 24 is programmed with a 
real time operating system, scheduler and middleware, to- 
select an appropriate signal processing radio configuration 
based upon current channel characteristics. 

Reconfiguration is accomplished by loading appropriate 
reconfiguration modules ' in a reconf igurable signal 
processor 30. In other words, a configurable signal 
processing (DSP) module 3 0 receives commands from the 
control processor 24 and reconfigures itself in response to 
such commands. Reconf igurable signal processing module 30 
is linked to the radio transceiver 20, analog interface 32 
modem 34, and processes the communication signals according 
to its selected configuration. Suitably, the signal 
processing module 3 0 is implemented on an FPGA, but it 
could also be realized on any reconf igurable hardware or 
software platform that has provisions to reconfigure its 
processing for different parameters, as discussed below. 
Preferably, a power supply condition monitor 38 is also 
provided to inform the control processor 24 of the current 
power supply conditions . 

The modules stored in 28 (and implemented on signal 
processor 30) include one or more of the following: 
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a) DFE with reconf igurable number of taps 

b) MLSE with reconf igurable number of states 

c) Rake with reconf igurable number of fingers 

d) Modulators with reconf igurable modulation types (e.g. 
GMSK, QAM, CPM, FSK) and constellation sizes. 

e) FH transceivers with reconf igurable number of hops and 
hop rate 

f ) DS transceiver with reconf igurable number of chips per 
bit (i.e. processing gain) . 

g) Interleaver with reconf igurable depth and span, and 
types (e.g. convolutional or block).. 

h) FEC with reconf igurable code rate and types (e.g. 
block code, convolutional code, turbo code) . 

In a typical embodiment of the invention the 
reconf igurable signal processor module 30 is preferably 
realized using a field programmable gate array (FPGA) 
circuit. The method of the invention is not limited to only 
FPGA implementations but could of also be applied to any 
reconf igurable hardware platform that has provisions to 
reconfigure its processing for different parameters such as 
code rate, data rate, bandwidth, etc.. In fact, adaptive 
reconfiguration of analog RF front end circuits could also 
be applied optionally for additional power savings. 

An apparatus substantially as described is suitable 
for carrying out the method of the invention , as described 
below, for reconfiguring radio parameters for adapting 
radio performance to meet a given operation requirement 
(typically efficient power management) . 

The method of the invention, as shown in FIG. 2, is 
suitably executed under program control in software running 
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on the control processor 24 (shown in FIG. 1) . First ( in 
step 50) , the channel monitor 22 estimates channel 
characteristics based on current conditions of the 
communication channel. The details of suitable methods of 
estimation are discussed below in connection with table 1 
and the more detailed description of the channel monitor 
22 . 

Next (in step 52) , based on the estimates of the 
channel impulse response, parameters of the reconf igurable 
signal processing blocks (stored in 28) are set to 
mitigate frequency selective fading. Such parameters 
preferably would include a decision feedback equalizers, a 
maximum likelihood sequence equalizer is, and the number of 
fingers on it a rake receiver. The parameters should be set 
according to the delay spread of the channel. The delay 
spread is determined from h(t) by setting a system adjustable 
threshold over which signal power is not considered in 
determining the time dispersion of the transmitted signal. 
For instance, the number of fingers in a Rake receiver 
could be set to span the delay spread of the channel; the 
MLSE could have the number of states determined by 2 L where 
L+l is the length of the delay spread normalized to the 
symbol rate; and the number of taps in the DFE could be set 
to the length of the delay spread normalized to the symbol 
rate . 

Next (step 54), Based on the estimated SIR, SNR, and 
SINR set parameters on the reconf igurable blocks that could 
mitigate interference and/or time-selective fading: 
including but not limited to interleaver, forward-error 
correction codec, frequency-hop transceiver, and direct - 
sequence spread- spectrum transceiver. Table 1 illustrates a 
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possible set of. constraints by which the SIR and SNR 
estimate could be used to • determine the settings for the 
relevant reconf igurable blocks. Table 1 however does not 
represent the only method to determine the setting on the 
5 control parameters. Other control flow based on the 

channel estimates could be realized depending on the 
overall system requirements. For instance, it is also 
possible to do a relative comparison of the SIR and SNR for 
the cases where SIR is high and SNR is low or SIR is low 
10 and SNR is high. Note that thresholds VI through V18 are 

adjustable parameters depending on the reconf igurable 
blocks used. Generally, V3-V6 are selected to be the region 
in which' the BER performance meets the operational 
requirement at a given, time. 
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Table 1 A possible constraint to direct the 
adjustment of reconf igurable parameters (in step 

54) 



SIR Constraint 



SNR Constraint 



Control Adjustments 



High value: SIR > V1 
(Row 1) 



High value: SNR > V2 



Proceed sequentially with the 
following adjustments. Note that 
sequencing depends on the 
system constraint being 
optimized and operational 
requirements. Thus, this is one 
possible sequencing that places 
higher priority on low power 
dissipation. Note that small 
steps should be used to 
decrease the parameters in this 
state so as to avoid a deadlock 
situation. 

• Decrease transmit power 

• Increase NF and/or data 

rate 

Perform the following until SIR 
falls between V3 and V4: 

• Decrease chips/bit if DS 

mode is on 

• Decrease hop rate and/or 

number of hopping 
frequencies. 

• Decrease interleaver depth 

and span. 

If SNR is still higher than V2, 
then perform the following until 
SNR falls between V5 and V6: 

• Decrease hop rate and/or 

number of hopping 
frequencies. 

• Decrease interleaver depth 

and span accordingly 

• Increase code rate 

• Decrease interleaver depth 

and span accordingly 

If either SIR or SNR falls in 
conditions described in rows 3- 
5 then controls will transfer to 
the control procedure of the 
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corresponding row. 


High value: V3 < SIR < V4 
(Row 2) 


High value: V5 < SNR < V6 


Maintain current setting and go 
to step 60 


High value: V7 < SIR < V8 
(Row 3) 


Low value: V9 SNR < V10 


Decrease coding rate 

Increase interleaving depth 

Frequency hop (increase hop 
rate) 

Go to Step 56 if all parameter 
adjustment has reached limits . 
imposed by the underlying 
reconfigurable blocks. 


Low value: V11 < SIR < V12 
(Row 4) 


High value: V13 < SNR < 
V14 


Frequency hop (increase hope 
rate and hopping frequencies). 
Adjust interleaving depth 
accordingly. 

per bit) 

Go to Step 56 if all parameter 
adjustment has reached limits 
imposed by the underlying 
reconfigurable blocks. 








Low value: SIR < V15 
(Row 5) 


Low value: *SNR< V16 


Pprfnrm pnntrnl adinQtmpnte 
i ciiuiiii vAJiiuui aujuoui Id no 

described in rows three and four 
of this table currently and repeat 
step 54. 

Go to row 3 if all parameter 
adjustment has reached limits 
imposed by the underlying 
reconfigurable blocks. 



Note that in the control settings applied in the cases 
represented by the third, fourth, and fifth rows of the 
Table 1) , the control settings could be adjusted 
sequentially • For instance, in the case of high SIR and low 
SNR, the preferred method is to decrease coding rate first 
before increasing the interleaving depth. It is also 
possible to adjust the settings according to the estimated 
fading duration and fading rate based on simple rules, such 



024334 1A2J_> 



WO 02/43341 



12 



PCT/US01/47698 



as "choose an interleaver depth that is greater than the 
fading duration." Row three is repeated until either 
constraint in row two is met or until parameter adjustment 
has reached the range limit supported by the underlying 
reconfigurable blocks. In the former case, the control is 
transferred to step 60 and in the latter case control is 
transferred to step 56. If only estimates on SINR are 
available, then rows three and fourth are combined. That is 
the condition would be 

SINR < VIS . 

Next, in step 56, RSSI is used to adapt data rate 
(analog front -end bandwidth) and noise figure of the RF 
front-end. If RSSI > V19 and SIR falls between Vll to V12 
or is less than V15 then increase NF until NF cannot 
increase any further or when SIR is raised to between V3 
and V4 or greater than VI. Next if SNR is between V9 and 
V10 or less than V16 then decrease data rate or decrease NF 
until NF or data rate cannot be decreased any further or 
until SNR is raised to between V5 and V6 or greater than 
V2 . If either SNR or SIR still do not meet the operational 
requirement; i.e. within ranges specified in rows 1 and 2 
of Table 1, then go to step 4. 

Next, in step 58 , transmit power is increased until a 
condition in the first or second row in Table 1 is met. If 
that condition is not met after highest transmit power 
possible is used then the method declares link failure. A 
transition to Step 54 or 56 should occur anytime the 
conditions described in rows 1-2 of Table 1 are met. 

In step 60, adjustment is refined according to BER with 
same set of controls as portrayed in steps 1-4 but now with 
SIR/SNR replaced by BER. The following regions will be used 
to perform fine adjustments: 
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Table 2 A possible constraint to direct the fine adjustment 

of reconf igurable parameters 



BER constraint 


Control Adjustments 


BER >V20 . 


Same as row 1 of Table 2. 


V2\< BER <V22 


Same as row 2 of Table 2. 


K23 < BER < V24 


Combine row 3 and 4 of Table 2 


BER < V25 


Same as row 4 of Table 2 



The control is transferred back to steps 54, 56 or 58 
if SIR falls outside of the range set by V3 and V4 or SNR 
falls outside of the range set by V5 and V6 . The steps 
described above may also be thought of as states of a 
control algorithm. 

While power is not explicitly mentioned in the 
reconfiguration procedure just described , it can be imposed 
at any time subject to the battery level indicator and 
estimates of the amount of energy required for the current 
and/or future configurations. If the battery level drops 
below a critical level, V26, then the system could either 
relax the performance constraint such that a lower power 
configuration could be obtained or enter, a sleep/standby 
mode and only wakes up when critical task must be 
performed. In other words, the sleep mode is a means that 
the system could conserve the power so that it could still 
perform several critical communications before the battery 
dies out. A possible scenario involving reconfiguration of 
choice in PA type and modulation type was described in the 
approach section. 
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Also, separate from the main control loop, other 
independent control loops could be run to control 
reasonable independent parameters. The specific parameters 
would depend on the reconf igurable blocks available in the 
radio and the particular .system application. For instance, 
as described earlier in the approach section, a control 
loop could be implemented that has two states, a normal 
state and an emergency state, where during the normal state 
when the battery level is above V26, GMSK modulation with 
non-linear amplification is used. However, as the battery 
level drops below V26 high order QAM modulation with linear 
amplification is used. Note that this control loop does 
not prevent the main control loop from utilizing the 
reconf igurable PA or reconf igurable modulator. For 
instance, the main loop could still adjust the data rate, 
if desired, by changing the constellation size. 

Finally, in step 62, after the control processor has 
selected the most appropriate signal processing 
configuration and set parameters of the stored modules 
(stored in storage 28), the configuration is downloaded by 
command into the programmable signal processing hardware 
module 30, which controls the radio signal processing. 
From time to time, the estimate is refreshed and the 
method repeats, looping back via return path 64. 

Methods of Estimating channel characteristics : ' 
Typical and suitable channel monitors can be 
summarized as follows: 
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Table 3 . Summary of Channel Monitors 


Channel 
Monitors 


Function 


Signal- to- 
Noise 
Ratio 
(SNR) 


Provides a fast estimation of SNR from which BER 
can be inferred. Based on this estimate the 
system can adapt the modulation order and the 
amount of error correction. 


Bit Error 
Rate (BER) 


Provides a direct but slow estimation of BER, 
The BER monitor can be used in conjunction with 
the SNR monitor to obtain a more accurate 
estimate of BER. 


Received 

Signal 

Strength 

Indicator 

(RSSI) 


Provides a fast, estimation of the total received 
signal power and allows the system to adapt 
transmission power and noise figure. The SNR and 
BER monitors can be used jointly with RSSI for 
more precise adaptation. 


Channel 
Impulse 
Response 
(CIR) 


Provides an estimation of the multipath profile 
in the channel and allows the system to determine 
the amount of equalization required, e.g. number 
of Rake fingers. 


Doppler 
Shift 


Provides a fading rate estimation and allows the 
system to determine the amount of error 
correction and depth of the interleaver required. 



Estimates for these parameters can be calculated by 
5 the following methods, although the method of the invention 

is not limited and to specific methods of estimation. 
SIR, SNR, SINR: 
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If there are numerous interferers and especially if 
they are orthogonal to each other and to the desired signal 
then the following two methods could be applied to obtain 
an estimate of the signal-to-interf erence-and-noise ratio 
(SINR) . Orthogonality approximation holds for code-division 
multiple access (CDMA) system. Note. that other methods well 
known in the art can also be applied. 

Assume a received signal: r{t) = A{t)c(t) +i(0 + «(0 where A(t) is 
the amplitude, c(t) is the desired signal (or user code if 
CDMA), i(t) is the interference, and n(t) is the noise 
process, then 

Ucof 

SINR: SINR = -±- 2 — 4- where A{t) is the estimated amplitude, andaj 

and of are the variances of the noise and interference 
signal respectively. 

Method 1; 

jw-J^ ■ 

§c{tfdt 

o 2 N +v?=\r(l)-A(0c(0\ 2 

c'(j) denotes complex conjugate. 



Method 2 



A(t) = E{\r(t)\} 

a 2 „ + ol=(\r(t)\-E{\r( t )\}f 

E{ } denotes the mean operator. 
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The following alternative methods could be applied in 
systems with few interferers, such as TDMA or FDMA. Assume 
a Received signal: r(t) = A(t)s(t) + I(t)g(t)+n(t) where s(t)is the pulse 
shaping used by the desired signal and g(t) is that used by 
the interferers. The SNR and SIR could be 1 estimated by 



\ktf 



I - I 2 



a) 



10 The parameters needed for the estimation of SNR and SIR are 

derived by the following equations: 

^=(Ho|^{kw|}) 2 

\r(t)s\t)dt 
x(t) = \r(t)-A(t)s{t)\ 2 

Implementation Issues : 

2 0 The above two methods could be implemented in the 

digital domain using datapath components well-known in the 
art, such as multipliers and . adders. Certain 
simplifications could be achieved to eliminate division 
operations. For instance, the division needed to estimate 

25 the amplitude can be avoided by assuming that the filtered 
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signal energy is a constant. Also, the division in the SNR 
and SIR computation can be eliminated by computing the 
estimates in units of dB and the log function can be 
implemented by approximation methods, such as power series, 
or by table loop up. 

The inputs to the estimator could be • based on pilot 
symbols or entire packets. Prediction of future SIR and/or 
SNR values could be implemented by using the LMS or RLS to 
train filter coefficients of the predictor implemented as a 
filter, e.g. auto-regressive. Kalman filtering techniques 
could also be employed. Prediction allows more time for the 
system to respond to changes in the channel parameters. In 
the simplest case, simple single pole filter with a 
forgetting factor or an FIR filter with windowing function 
(e . g. exponentially weighted) could also be used to obtain 
an average of the SIR or SNR. The predicted and/or 
weighted estimates would be used in the reconfiguration 
control discussed later. 

Channel Impulse Response Estimation ; 

Once again, we assume a Received signal: 
r(t) = h(t)*c(t)+I(t)g(t) + n(t) where h(t) is the channel impulse 
response. Two methods are described though other techniques 
could also be employed. 

In the first method channel impulse response is 
estimated according to the equation: 

1) *««r(0*c(-O 

In the second method Frequency domain response is 
estimated by means of pilot tones, which are well-known in 
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the art. The channel response in the time domain is derived 
with an inverse FFT. 

Note that to include the effect of h(t) in SIR and SNR 
we can use h(t) in the estimations- of SIR and SNR described 
above . 

In particular, s(t)*h(t) or c(t)*h(t) would be used throughout in 
the estimation process instead of ^/)or c(t) , respectively. 

RSSI Estimation : 

Received signal strength is readily calculated 
according to: 

RSST = \r(t)\ 2 

BER/PER Estimation : 

Packet error rate (PER) can be estimated by estimating 
the number of times a packet is in error given a total 
number of packets sent. The error detection can be 
accomplished with an error detecting code, well known in 
the art , such as CRC . 

The BER can be estimated from the PER as follows: 
In one method, BER is calculated according to: 

BER = \-{\-PER) VL 
In an alternate method, BER can be calculated by: 
PERIL < BER <> PER 

Other schemes are also possible. For example, the BER 
inferred from a syndrome obtained in a block code can be 
inferred from a Viterbi cumulataive metric, decoder, or 
inferred from the extrinsic/intrinsic metrics of a turbo 
codec. 
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Doppler Shift Estimation: 

Any of several known methods can be used to estimate 
velocity. For example, the apparatus can estimate velocity 
with on-board inertial sensors, alternatively, it could 
estimate velocity vector with on-board GPS and Kalman 
tracking, as another method, the apparatus could estimate 
fading, duration and period of fade by sending out a series 
of small packets back-to-back and determine the loss 
statistics. A Large number of losses indicate a fade. 

As yet another method, it is possible to estimate 
fading rate by means of a predictor similar to the 
predictor for SNR/SIR, except that in this case the signal 
power at the RP front -end is used as input to the 
predictor. The predictor filter coefficient will converge 
and generate fading time series from which the fading 
duration and fade period can be determined. Fading 
duration and fade period can be used to estimate the 
Doppler shift. More importantly, with respect to the 
reconfiguration control the parameters of interest are 
actually the fade period and fading duration. The received 
RF signal can be estimated by the following 



where Z ia is the input impedance of the RF front -end and 

is the total power gain of the RF front -end at the time the 

estimate is performed. 

Note that it is possible to set a threshold V3 0 such 
that when the Received input power goes below it, the 
signal is said to be in a fade. In this way, the fading 



Re ceived input power = 




J RF 
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period and fade duration can be estimated by noting the 
amount of time the signal is below the threshold V30. 
Predictor could be avoided in this case. 

5 • While several illustrative embodiments of the 

invention have been shown and described, numerous 
variations and alternate embodiments will occur to those 
skilled in the art. Such variations and alternate 

embodiments are contemplated, and can be made without 
10 departing from the spirit and scope of the* invention as 

defined in the appended claims. 



i 
i 
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I CLAIM: 

1. A method of adaptively reconfiguring a radio 
architecture for power efficient or adaptive communications 
based on communication channel conditions, suitable for use 
in a reconf igurable radio which allows control of 
reconf igurable digital signal processing blocks with 
adjustable parameters, comprising the steps of: 

estimating the signal to noise ratio (SNR) and signal- 
to- interference ration (SIR) based on a channel monitor; 
estimating the channel impulse response; 
based on the estimate of the channel impulse response, 
setting parameters of the reconf igurable digital signal 
processing blocks to mitigate frequency selective fading; 

based on the estimates of SIR and SNR, setting 
additional parameters of the reconf igurable digital signal 
processing blocks to mitigate interference, noise and time 
selective fading, 

2. The method of claim 1, wherein said step of 
setting parameters of the reconf igurable digital signal 
processing blocks comprises: 

determining a delay spread from said channel impulse 
5 response by setting a system adjustable threshold over 

which signal power is not considered in determining a time 
dispersion of a signal; and 

setting the number of taps in a decision feedback 
equalizer (DFE) . 

3. The method of claim 1, wherein said sep of 
setting parameters of the reconf igurable digital signal 
processing blocks comprises: 



10' 
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adjusting the number of states of a maximum likelihood 
5 sequence equalizer with a reconf igurable number of states. 

4. The method of claim 1, wherein said step of 
setting parameters of the reconf igurable digital signal 
processing blocks further comprises: 

Setting the number of fingers in a rake receiver. 

5. The method of claim 1, wherein said step of 
setting additional parameters of the reconf igurable digital 
signal processing blocks comprises: 

based on the estimated SIR and SNR, setting the. code 
5 rate of a forward-error correction codec. 

6. The method of claim 1, wherein said step of 
setting additional parameters of the reconf igurable digital 
signal processing blocks comprises reconfiguring a forward 
error correction codec. . - 

7. The method of claim 6, wherein said FEC codec is 
wherein said forward error correction codec is 

reconf igurable to enabled or disabled states. 

8. The method of claim 6 wherein said forward error 
correction codec is configurable to more than one code 
type. 

9. The method of claim 1, wherein said step of 
setting additional parameters of the reconf igurable digital 
signal processing blocks further comprises: 
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setting the depth of an interleaver with a 
reconf igurable depth. 

10. The method of claim 1, wherein said step of 
setting additional parameters of the reconf igurable digital 
signal processing blocks comprises reconfiguring a 
frequency hopping module with reconf igurable number of hops 
and hopping rate. 

11. The method of claim 1, wherein said step of 
setting additional parameters of the reconf igurable digital 
signal processing blocks further comprises: 

reconfiguring the number of chips per bit of a 
reconf igurable direct sequencing spread spectrum processing 
module . 

12. The method of claim 1, wherein said steps of 
reconfiguring setting the parameters and setting the 
additional parameters of the reconf igurable signal 
processing blocks comprise programming a. field programmable 
gate array (FPGA) circuit. 

13 . A digital radio capable of adaptively 
reconfiguring in response to changes in the characteristics 
of a communication channel, comprising: 

a channel monitor which produces estimates of the 
communication channel's characteristics; 

a programmable processor arranged to receive estimates 
from said channel monitor, and programmed to. compute 
preferred signal processing configuration based upon said 
estimates; 
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at least one reconf igurable digital signal processing 
module, arranged to receive commands from said programmable 
processor and to reconf igure' in. response to said commands; 

a radio transceiver, with inputs from said 
reconf igurable signal processing module and outputs to said 
reconf igurable signal processor module, for sending and 
receiving radio signals. 

14. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises a 
forward error correction (FEC) codec. 

15. The digital radio of claim 14, \ wherein said 
reconf igurable FEC codec .is reconf igurable to enabled or 
disabled states in response to commands from said 
programmable processor. 

16. The digital radio, of claim 15, wherein ~ said 
reconf igurable FEC codec is further reconf igurable to any 
of a plurality of codes, in response to commands from said 
processor . 

17. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises a 
decision feedback equalizer with an adjustable number of 
taps, wherein said number of taps is adjustable in 
response to commands from said processor. 

18. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises a 



WO 02/43341 



26 



PCT/US01/47698 



maximum likelihood sequence equalizer with a reconf igurable 
number of states . 

19. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises 
an interleaver with a reconf igurable depth, 

20. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises a 
frequency hopping module with reconf igurable number of hops 
and hopping rate. 

21. The digital radio of claim 13, .wherein said 
reconf igurable digital signal processing module comprises a 
reconf igurable direct sequencing spread spectrum processing 
module with an adjustable number of chips per bit. 

22. The digital radio of claim 13, wherein said 
reconf igurable digital signal processing module comprises a 
field programmable gate array circuit, interfaced to said 
processor and arranged to reconfigure in response to 

5 commands from said processor. 
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(57) Abstract: The invention monitors 
a communication channel and estimates 
its characteristics from time to time, 
thus providing a dynamic estimate of 
channel characteristics. Based on the 
channel characteristics, a control processor 
calculates a preferred configuration 
of digital (and optionally, analog) 
signal processing to best manage the 
available energy for the present channel 
characteristics. The selected configuration 
is then down-loaded into communication 
modules stored in extra memory during 
runtime. The communication modules 
preferably include a one or more of: a 
reconfigurable forward error correcting 
codec (with adjustable code lengths and a 
plurality of code choices); a reconfigurable 
interleaver with adjustable depth; a 
decision feedback equalizer (DFE) with a 
reconfigurable number of taps; maximum 
likelihood sequence estimator with an 
adjustable number of states; a frequency 
hopping coder with an adjustable number 
of hops or hop rate; and a direct-sequence 
(or direct sequence spread spectrum) codec 
with an adjustable number of chips per bit. 



RNSnOflin- <Wn 0243341A3 I > 



WO 02/043341 A3 llllllllllllllllllllllllllllllllllllllllllllll 



patent (AT, BE, CH, CY, DE, DK, ES, R, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 



(88) Date of publication of the international search report: 

27 February 2003 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 0243341 A3 I > 



INTERNATIONAL SEARCH REPORT 


Intern 


Application No 




PCT/US 


01/47698 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04L25/02 H04L25/03 H04L1/00 



H04L1/20 



H04B7/005 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04L H04B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, INSPEC, COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, wflh indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 6 128 494 A ( ROZMARYN JACOB) 
3 October 2000 (2000-10-03) 

column 2, line 30-37 
column 3, line 24 - line 49 

W0 00 48332 A (ERICSSON TELEFON AB L M) 
17 August 2000 (2000-08-17) 

page 1, line 3-6 

page 1, line 16 - line 23 

page 4, line 1 -page 10, line 23 

page 13, line 5 -page 16, line 7 

-/-- 



13 

1,12,22 
13 

1,12,22 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art whbh is not 
considered to be of particular relevance 

'E* earlier document but published on or after the international 
Ring date 

*L a document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



"T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

■X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

a Y* document of particular relevance; the claimed invention 
cannot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member of the same patent family 



Date of the actual completion of the international search 

4 July 2002 



Date of mailing of the international search report 

01/08/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5816 Patentiaan 2 
NL-2280 HV Rijswp 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-^3016 



Authorized officer 



Schiffer, A 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



BNSDOCID: <WO 024334 1 A3_l_> 



INTERNATIONAL SEARCH REPORT 



Intern Application No 

PCT/05 01/47698 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



US 5 594 946 A (MENICH BARRY J ET AL) 
14 January 1997 (1997-01-14) 

column 2, line 44 - line 59 
column 3, line 16 - line 58 
column 4, line 37 - line 65 

PROAKIS: "Digital Communications" , 
DIGITAL COMMUNICATIONS, ELECTRICAL AND 
COMPUTER ENGINEERING. COMMUNICATIONS AND 
SIGNAL PROCESSING, NEW YORK, NY: 
MCGRAW-HILL, US XP002202678 
ISBN: 0-07-113814-5 



13 

1,12,22 
1-22 



page 249, 
page 468, 
page 621, 
page 649, 



paragraph 5.1.4 -page 254 
paragraph 8.1.9 -page 470 
10.3 -page 627 



paragraph 

paragraph 11.2 -page 654, 
paragraph 11.3 
page 698, paragraph 13.2 
page 729, paragraph 13.3 
page 797, paragraph 14.5. 
paragraph 14.5.3 



-page 702 
-page 732 
2 -page 806, 



US 6 044 485 A (DENT PAUL WILKINSON 
AL) 28 March 2000 (2000-03-28) 
column 1, line 31-34 
column 1, line 54 - line 59 
column 2, line 11 - line 24 
column 3, line 51 -column 4, line 31 



ET 



1,5-8, 
13-16 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 

page 2 of 2 

BNSDOCID: <WO 024334 1A3_I_> 



INTERNATIONAL SEARCH REPORT 

Hon on patent family members 



Intern: ' \ppllcation No 

PCT/05 01/47698 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 6128494 



03-10-2000 NONE 



W0 0048332 



17-08-2000 



AU 2953200 A 

CN 1346547 T 

EP 1151553 Al 

W0 0048332 Al 

TR 200102293 T2 



US 5594946 



14-01-1997 



AU 
AU 
CA 
EP 
FI 
IL 
JP 
WO 



678943 B2 
5414796 A 
2187326 Al 
0758505 Al 
964292 A 
116868 A 
9512694 T 
9627246 Al 



US 6044485 



28-03-2000 



AU 
BR 
CN 
EP 
JP 
WO 



5593898 
9714249 
1249092 



A 
A 
A 



0950301 Al 
2001507886 T 
9829979 Al 



29-08-2000 
24-04-2002 
07-11-2001 
17-08-2000 
21-01-2002 



12-06- 

18- 09- 
06-09- 

19- 02 
25-10- 
12-03 
16-12 
06-09 



-1997 
-1996 
-1996 
-1997 
-1996 
-1999 
-1997 
-1996 



31-07-1998 
18-04-2000 
29-03-2000 
20-10-1999 
12-06-2001 
09-07-1998 



Form PCT/ISA/210 (patent family annex) (July 1992) 



BNSDOCID: <WO 0243341 A3 I > 



1 



THIS PAGE BLANK (uspto) 



I 



1 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

CORRECTED VERSION 



(19) World Intellectual Property Organization 

International Bureau 




inline 



(43) International Publication Date (10) International Publication Number 

30 May 2002 (30.05.2002) PCT WO 02/043341 A3 



(51) International Patent Classification 7 : H04L 25/02, 
25/03, 1/00, 1/20, H04B 7/005 

(21) International Application Number: PCT/US01/47698 

(22) International Filing Date: 26 October 2001 (26.10.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/243,707 
10/055,261 



26 October 2000 (26.10.2000) US 
25 October 2001 (25.10.2001) US 



(71) Applicant: INNOVATIVE TECHNOLOGY LICENS- 
ING, LLC [US/US]; Mail Code A15, RO. Box 1085, 
Thousand Oaks, CA 91358-0085 (US). 



(72) Inventor: CHIEN, Charles; 673 Camino Del Sol, New- 
bury Park, CA 91320 (US). 

(74) Agents: JOHNSON, William, L. et ah; Koppel & Ja- 
cobs, Suite 107, 555 St. Charles Drive, Thousand Oaks, 
CA 91360 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, 
ZW. 



[Continued on next page J 



(54) Title: METHOD OF RECONFIGURATION OF RADIO PARAMETERS BASED ON COMMUNICATION CHANNEL 
MONITORING 



3 

m 

o 



Application 



Middleware 



RTOS 



API 



Interface 



I 



2.(0 




Communication 
Reconfigure 

Modules 

Storage 



Channel Monitor 




.to 



(57) Abstract: The invention monitors 
a communication channel and estimates 
its characteristics from time to time, thus 
providing a dynamic estimate of channel 
characteristics. Based on the channel 
characteristics, a control processor calculates 
a preferred configuration of digital (and 
optionally, analog) signal processing to 
best manage the available energy for the 
present channel characteristics. The selected 
configuration is then down-loaded into 
communication modules stored in extra 
memory during runtime. The communication 
modules preferably include a one or more 
of: a reconfigurable forward error correcting 
codec (with adjustable code lengths and a 
plurality of code choices); a reconfigurable 
interleaver with adjustable depth; a 
decision feedback equalizer (DFE) with a 
reconfigurable number of taps; maximum 
likelihood sequence estimator with an 
adjustable number of states; a frequency 
hopping coder with an adjustable number of 
hops or hop rate; and a direct-sequence (or 
direct sequence spread spectrum) codec with 
an adjustable number of chips per bit. 
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